There are many indirect and direct experimental indications that the new particle H discovered by the ATLAS and CMS Collaborations has spin zero and (mostly) positive parity, and that its couplings to other particles are correlated with their masses. Beyond any reasonable doubt, it is a Higgs boson, and here we examine the extent to which its couplings resemble those of the single Higgs boson of the Standard Model. Our global analysis of its couplings to fermions and massive bosons determines that they have the same relative sign as in the Standard Model. We also show directly that these couplings are highly consistent with a dependence on particle masses that is linear to within a few %, and scaled by the conventional electroweak symmetry-breaking scale to within 10%. We also give constraints on loop-induced couplings, on the total Higgs decay width, and on possible invisible decays of the Higgs boson under various assumptions.
couplings on particle masses. Namely, we consider parameterizations of the H couplings to fermions λ f and massive bosons g V of the form
which reduce to the couplings of the Standard Model Higgs boson in the double limit → 0, M → v = 246 GeV. This parameterization addresses explicitly the question the extent to which the H particle resembles a quantum excitation [3] of the Englert-Brout-Higgs field that is thought to give masses to the particles of the Standard Model [3, [20] [21] [22] .
We find that, in the absence of contributions from any particles beyond the Standard Model, a combination of the Higgs signal strengths measured in different channels is now very close to the Standard Model value, within 13% at the 68% CL. We also find, for the first time, a strong preference for the couplings to bosons and fermions to have the same sign, also as expected in the Standard Model, driven largely by the new CMS result on H → γγ decay. This also means that there is no significant evidence of additional loop contributions to the Hγγ beyond those due to the top quark and the W boson. Using the parameterization (1), we find that the dependence of the Higgs couplings to different particle species is within a few % of a linear dependence of their masses. Within the parameterization (1) 
Summary of the Data
The analysis of this paper is based mainly on the material presented by the LHC and TeVatron experimental Collaborations at the March 2013 Moriond Conferences in La Thuile [13, 15] . The following are some of the main features of interest among the new results:
• The H →bb signal strength reported by the TeVatron experiments has reduced from 2.0 ± 0.7 to 1.6 ± 0.75 times the Standard Model value.
• A new H → τ + τ − result of 1.1 ± 0.4 has been reported by CMS, improving on the previous value of 0.7 ± 0.5.
• The H → γγ signal strength reported by ATLAS has reduced somewhat from 1.80 −0.26 for the signal strength using an MVA approach.
• The H → W W * signal strength reported by ATLAS has reduced from 1.5 ± 0.6 to 1.01 ± 0.31 times the Standard Model value.
All the latest available results from ATLAS, CMS and TeVatron are incorporated into our global fit. The experimental data are used to reconstruct the likelihood in a combination of three possible ways according to the available information: 1) using the official best-fit central value of µ with its 1-σ error bars, 2) using the given number of signal, background and observed events with their respective errors, or 3) reconstructing the central value of µ from the 95% CL expected and observed µ. Specifically, the data inputs are as follows:
• The TeVatron H →bb, τ + τ − , W W * , γγ combined best-fit µ and 1-σ error bars from [23] .
• The likelihood for the CMS 8 TeV W W * 0,1-jet analysis is reconstructed from the numbers of events given in • For H → bb in CMS we used the 7-and 8-TeV best-fit values from [26] and [28] , while for ATLAS the likelihood was reconstructed from the 95% CL expected and observed values of µ at 7 and 8 TeV given in [29] .
• The CMS H → τ + τ − and ZZ * and ZZ * dijet rates were taken from the central values given in [7] . Since no separate 7-and 8-TeV numbers are given for these, we treat them effectively as 8 TeV. Numbers of events for the ATLAS H → ZZ * 7-and 8-TeV analyses are provided separately in [7] , while the ATLAS H → τ + τ − likelihood is reconstructed using the 95% expected and observed values of µ given in [30] . The VBF τ + τ − efficiencies are taken from [31] .
• The CMS γγ central values are given for six (five) different subchannels at 8 (7) TeV in [7] , along with the percentage contributions from all production mechanisms in As a preliminary to our analysis, we compile in Fig. 1 the overall signal strengths in the principal channels, as calculated by combining the data from the different experiments. Thus, for example, in the first line we report the V + (H →bb) signal strength found by combining the data on associated V + H production from the TeVatron and LHC. As can be seen in the second line, so far there is no significant indication of associatedtt + H production. The third line in Fig. 1 combines the experimental information on the H →bb signal strengths in these two channels. Signals for H → τ It is striking that the available data already constrain the combined Higgs signal strength to be very close to the Standard Model value: µ = 1.02
We present separately the combined signal strength in the VBF and VH channels without the loop-induced γγ final state, which lies slightly (but not significantly) above the Standard Model value. To the extent that a signal with direct Higgs couplings in both the initial and final state is established, this combination disfavours models that predict a universal suppression of the Higgs couplings Figure 1 : A compilation of the Higgs signal strengths measured by the ATLAS, CDF, D0 and CMS Collaborations in thebb, τ + τ − , γγ, W W * and ZZ * final states. We display the combinations of the different channels for each final state, and also the combination of all these measurements, with the result for the VBF and VH channels (excluding the γγ final state) shown separately in the bottom line.
Higgs Couplings to Bosons and Fermions
Our first step in analyzing the implications of these data uses the following effective lowenergy nonlinear Lagrangian for the electroweak symmetry-breaking sector [33] :
where U is a unitary 2 × 2 matrix parametrizing the three Nambu-Goldstone fields that give 
where the coefficients b g,γ are those found in the Standard Model, and the factors c g,γ characterize the deviations from the Standard Model predictions for the H couplings to massless vector bosons.
One specific model for a common rescaling factor of all fermion and vector boson Higgs couplings is a minimal composite Higgs scenario [33] , the MCHM4, in which the compositeness scale f is related to (a, c) by
A similar universal suppression is found in pseudo-dilaton models. A variant of this minimal model with a different embedding of the Standard Model fermions in SO (5) representations of the new strong sector, the MCHM5, has separate vector and fermion rescalings:
In the following we confront the data with these specific models, as well as an 'anti-dilaton' scenario in which c = −a. We see again in the top row of panels of Fig. 2 that the data on H →bb decays (left) and τ + τ − decays (right) are entirely consistent with the Standard Model predictions (a, c) = (1, 1). The region of the (a, c) plane favoured by thebb data manifests a correlation between a and c that arises because the dominant production mechanism is associated V +X production, which is ∝ a 2 . On the other hand, the region of the (a, c) plane favoured by the Figure 2: The constraints in the (a, c) plane imposed by the measurements in Fig. 1 
− data exhibits a weaker correlation between a and c, reflecting the importance of data on production via gluon fusion in this case. As was to be expected from the compilation in Fig. 1 , the γγ data displayed in the middle left panel of Fig We draw attention to the importance of the 2-jet analyses, which select a VBF-enriched sample, in disfavouring bands of the plots around c ∼ 0. This effect is very visible in the γγ and W W * results displayed in the middle plots. On the other hand, in the ZZ * case the CMS dijet analysis is less powerful, so there is a weaker suppression of the likelihood around c ∼ 0. All the above information is combined in the bottom right panel of Fig. 2 , assuming that there are no virtual non-Standard-Model particles contributing to H → γγ decay or the Hgg coupling. We note that the global fit is not symmetric between the two possibilities for the sign of c relative to a, a feature visible in the middle left panel of Fig. 2 , and traceable to the interference between the t quark and W boson loops contributing to the H → γγ decay amplitude. In the past it has been a common feature of such global fits that they have exhibited two local minima of the likelihood function with opposite signs of c that, because of this asymmetry, were not equivalent but had similar likelihoods [34] . We see in the bottom right panel of Fig. 2 , for the first time a clear preference for the minimum with c > 0, i.e., the same sign as in the Standard Model.
This feature is also seen clearly in Fig. 3 , where we display in the left panel the one- 
This preference for c > 0 is largely driven by the recently-released CMS γγ data.
The yellow lines in the bottom right panel of Fig. 2 correspond to various alternatives to the Standard Model, as discussed above. We see that fermiophobic models (the horizontal line) are very strongly excluded, as are anti-dilaton models in which c = −a. On the other hand, dilaton/MCHM4 models with a = c are compatible with the data as long as their common value is close to unity. Likewise, MCHM5 models lying along the curved line are The fact that, whereas all the direct measurements of H couplings to fermions and massive vector bosons are very compatible with the Standard Model, the coupling to γγ was formerly less compatible, has given rise to much speculation that additional virtual particles may be contributing to the factor c γ in (4). However, the motivation for this speculation has been largely removed by the recent re-evaluation of the H → γγ decay rate by the 
and the likelihood price for c γ = 1 is ∆χ 2 = 2, whereas the price for c g = 1 is ∆χ 2 = 1.
Probing the Mass Dependence of Higgs Couplings
We now turn to the results of a global fit using the (M, ) parameterization (1) 
and the likelihood price for M = 246 GeV and = 0 is ∆χ 2 = 0.12. It is remarkable that the data already constrain the mass dependence of the H couplings to other particles to be (7), and the dotted lines correspond to their 68% CL ranges. The black points and vertical error bars are the predictions of the (M, ) fit for the couplings of H to each of the other particle species: the points lie on the best-fit dashed line and the error bars end on the upper and lower dotted lines. Also shown (in blue) for each particle species is the prediction for its coupling to H if the data on that particular species are omitted from the global fit. In other words, the blue points and error bars represent the predictions for the H coupling to that particle, as derived from the couplings to other particles.
The Total Higgs Decay Rate
We now discuss the total Higgs decay rate in the two classes of global fit discussed above, assuming that the Higgs has no other decays beyond those in the Standard Model [35] . Fig. 1 (left panel) and the strengths of the couplings to different fermion flavours and massive bosons predicted by this two-parameter (M, ) fit (right panel). In the latter, the red line is the Standard Model prediction, the black dashed line is the best fit, and the dotted lines are the 68% CL ranges. For each particle species, the black error bar shows the range predicted by the global fit, and the blue error bar shows the range predicted for that coupling if its measurement is omitted from the global fit. One may also use the current Higgs measurements to constrain the branching ratio for Higgs decays into invisible particles, BR inv [36] . This invisible branching ratio factors out of the total decay width as
where
Tot is the rescaling factor of the total decay width in the absence of an invisible contribution. Thus we see that an invisible branching ratio acts as a general suppression of all other branching ratios, which could be compensated by non-standard visible Higgs decays. The recent installments of data from the LHC experiments announced in March 2013 impose strong new constraints on the properties and couplings of the H particle, which is beyond doubt a Higgs boson. The data now constrain this particle to have couplings that differ by only some % from those of the Higgs boson of the Standard Model. In particular, the relative sign of its couplings to bosons and fermions is fixed for the first time, its couplings to other particles are very close to being linear in their masses, and strong upper limits on invisible Higgs decays can be derived.
The data now impose severe constraints on composite alternatives to the elementary Higgs boson of the Standard Model. However, they do not yet challenge the predictions of supersymmetric models, which typically make predictions much closer to the Standard Model values. We therefore infer that the Higgs coupling measurements, as well as its mass, provide circumstantial support to supersymmetry as opposed to these minimal composite alternatives, though this inference is not conclusive. It is likely that the first LHC run at 7 and 8 TeV has now yielded most of its Higgs secrets, and we look forward to the next LHC run at higher energy, and its later runs at significantly higher luminosity. These will provide significant new information about the H particle and constrain further its couplings, as well as providing opportunities to probe directly for other new physics. The LHC will be a hard act to follow.
